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BACKGROUND OF THE INVENTION 

Field of the Invention 

f00021 The present invention relates to an engine control system, a vehicle having 

the same, a method for calculating the fuel center of gravity of an engine, and a method for 

controlling an engine. 

Background Art 
[0 0 02] 

Description of the Related Art 

[00031 A well-known method for optimizing the ignition timing of spark ignition 
internal combustion engines is a method of determining ignition timing on the basis of 
negative ion current in the cylinder (e.g., refer to Patent Document 1 JP-A-6-33855 ). In the 
method disclosed in Patent Document 1, negative ion current flowing in the cylinder directly 
after ignition is measured, and the time from the ignition at which the value of the negative 
ion current becomes the maximum is determined. Then the time difference between the 
determined time and minimum spark advance for best torque (MBT) is calculated, and the 
calculated time difference is added to or subtracted from the preceding ignition timing to 
thereby determine the present ignition timing. 

Patent Document h IP A 6 33855 



DISCLOSURE SUMMARY OF THE INVENTION 
r00041 Problems to bo Solved by fee Invention 

[0003] 

T-he -Thus, conventional ignition timing control using negative ion current is based on 
the following as simip ti o n assumptions : 

(1) The pea k posi tion of the maximum negative ion current after ignition has 
correlation correlates with combustion pressure. 

(2) The peak of combustion pressure is at 15° after top dead center du rin g o per ation at 
wfeefa4gnri io n timin g a g reesnwife- when the engine operates with an MBT (i.e.. Maximum 
Best Timing for torque) ignition timing . 

(3) Therefore, adjusting the ignition timing so that the peak position of the maximum 
negative ion current eemes- is adjusted t o 15° after top dead center enabl e s correlates the 
ignition timing te-agree-with MBT. 

[00051 However, the peak position of the maximum combustion pressure actually 
depends u pon o a-the operating state conditions of the engine . Item- Assumption (2) is 
therefore is not always true an assumption that holds only in a limited operating region . 
Specifically, for example, at MBT during which combustion speed is low, the ion current 
peak position does not come to occur at 15° after top dead center. Accordingl y Thus . the 
conventional control does not adequately function over could not make fee ignition timing 
agree-w i tli-Ml^P-iH-a wide operating region. 

[00061 The invention has been made in vi e w of the problems of the conv r mtionnl 
mefeedr- Accordingly, it is an object of one embodiment of the present invention to provide a 
system or method capable of control such as making controlling ignition timing to better 
agree with MBT timing over a wide range of operating conditions to thereby increase fuel 
efficiency, reduce exhaust gas, and/ or improve drivability without measuring torque and 
combustion pressure. 

[00071 One aspect of an embodiment of the present invention relates to Me a n s f o r 
SeMag-fee-Pfe bl em s 

A-an engine control system arranged and configured in accordance with certain 
features, aspects and advantages of the present according to the invention metede scomprises t 
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an ion current measuring unit that measures is adapted to measure the negative ion current in 
a combustion chamber of an engine . The system also comprises i-a crank-angle measuring 
unit that measures is adapted to measure an engine crank angle . The system also comprises i 
aed-a controller that is adapted to controls the engine on the basis of a first crank angle at 
which fee-an increase rate of the-the negative ion current arelative to g ainst-the crank angle 
becomes more than exceeds a first specified value and a second crank angle at which the 
increase rate becomes a second specified value after becoming exceeding the first specified 
value. 

[00081 A nother aspect of an embodiment of the present invention relates to a 
method for calculating fee-a_fuel center of gravity of an engin e. The method comprisese 
according to the invention includes the steps of : measuring fee-anegative ion current in a 
combustion chamber of the engine; determining a first crank angle at which the-an increase 
rate of the negative ion current against r elative to the engine crank angle b e com e s more than 
exceeds a first specified value; determining a second crank angle at which the increase rate 
becomes a second specified eagle -value after becoming exceeding the first specified angle; 
and calculating the fuel center of gravity from the first crank angle and the second crank 
angle. 

[0009] A further aspect of the present invention relates to a method for controlling 
tfee-operation of an engine . The method according to the invention includes the steps of: 
measuring fee-a_negative ion current in a combustion chamber of the engine; determining a 
first crank angle at which the increase rate of the negative ion current agamst -relative to an 
engine crank angle becomes mor e than exceeds a first specified value; determining a second 
crank angle at which the increase rate becomes a second specified angle -value after b e coming 
exceeding the first specified angle; and controlling the engine on the basis of the first crank 
angle and the second crank angle. 

[00101 Another aspect of the present invention relates to configurations in which 
the first specified value defines a f OOQ^ 

According to the invention, an engine is controlled or the fuel center of gravity is 
calculated on the basis of the rising point and the second specified value defines a fe e-peak 
point of the negative ion current on a negative ion current characteristic curve. Thus, as 
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distinct from the control or calculation based only on the peak point of negative ion current, 
correct control is improved or calculation can be achieved even when the peak point shifts as 
the operating state changes. Accordingly, the ability to adjust the control of making the 
ignition timing agree with to approximate M BT is improved can be achieved in over a wide 
operating region without necessarily measuring torque and combustion pressure. 

Advan tages of the Invention 

[0 0 10] 

Thus, the in ve nti on enables ignition t i ming to be ag re e d with MBT in a 

wide operating state such as at low combustion speed, thus increasing fuel efficiency, 
reducing exhaust gas, or improving drivability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00111 These and other features, aspects and advantages of the present invention 
will now be described with reference to the drawings of a preferred embodiment, which 
embodiment is intended to illustrate and not to limit the invention. The figures comprise nine 
drawings. 

[00121 fFig. 11 Fig.l is a side view of a motorcycle according to an embodiment. 

[00131 [Fig. 2 ] Fig. 2 is a schematic diagram of an engine. 

[00141 [ Fig. 31 — Fig. 3 is a characteristic diagram of negative ion current and 
combustion pressure plotted against crank angles. 

[00151 [Fig. 4 ] Fig. 4 shows two di fferent characteristic curves of negative ion 
current plotted against crank angles. 

[00161 fFig. 51 Fig. 5(a) shows characteristic curves for heat rate and combustion 
mass ratio while - Fig. 5(b) shows a characteristic curve for negative ion current. 

[00171 [Fig. 6| F ig. 6 is a graph showing the relationship between engine speed 
and ignition timing, and fuel center of gravity and so on. 

[00181 [ Fig. 7] Fig. 7 is a graph showing the relationship between ignition timing 
and torque, fuel center of gravity and so on. 

[00191 [ Fig. 8 [ Fig. 8 is a graph showing the relationship between ignition timing 
and torque, fuel center of gravity and so on. 
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Des cri ptio n of Reference Numerals and Signs 
[0012] 

1 4 : ignition plug (ion current measuring unit) 

16: engine c ontrol uni t (controller) 

19: crank angle s ensor (crank - angl e m e asuring unit) 

100: motorcycle (vehicl e ) 

B: first crank angle 

C: s eco nd crank angle 

Best Mode for Carrying Out th e Inv e ntion 
[0013] 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[00201 An embodiment that is arranged and configured in accordance with certain 
features, aspects and advantages o f the invention will be described with reference to the 
drawings. 

[00211 Referring to Fig. 1, a vehicle according to the embodiment is a vehicle 
havmg- comprising an engine 1, specifically, a motorcycle 100,, which is a kind of saddle-type 
vehicle. The motorcycle 100 has- comprises a body 101, a front wheel 102, and a rear wheel 
103. The body 101 has -comprises an air intake port 104, an air cleaner 105, the engine 1, and 
a muffler 106. The air intake port 104 and the air cleaner 105 can be are connected to each 
other via an intake duct 107. The air cleaner 105 and the engine 1 are- can be connected 
together via an intake pipe 108. The engine 1 and the muffler 106 are -can be connected via 
an exhaust pipe 109. 

[00221 The engine 1 preferably is a spark-ignition internal combustion engine, 
which is, in this embodiment, ef— a water-cooled four-cycle multiple cylinder type. 
Alternatively, the engine 1 may -can b e ef-an air-cooled type. The number of cylinders of the 
engine 1 is not limited but may be, for example, one in certain embodiments . 

[00231 Referring to Fig. 2, the engine 1 includes comprises a crankcase 2, a 
cylinder block 3 fixed onto connected to t he crankcase 2, a cylinder head 4 fixed onto the 
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cylinder block 3, and a head cover (not shown) fixed onto connected to the cylinder head 4. 
The cylinder block 3 has- comprises a cylinder bore 3a therein, in which a piston 6 is 
disposed. The piston 6 connects to a connecting rod 7. The connecting rod 7 connects to a 
crankshaft 8 disposed in the crankcase 2. 

[00241 The cylinder head 4 has- comprises a recess 4a on the surface adjacent to 
the cylinder block 3. The recess 4a, the piston 6, and the cylinder bore 3a define a 
combustion chamber 5. The cylinder head 4 has -comprises an intake valve opening 4b and 
an exhaust valve opening 4c which are open to the recess 4a. The cylinder head 4 also has 
comprises an intake valve 9 and an exhaust valve 10 for opening and closing the intake valve 
opening 4b and the exhaust valve opening 4c, respectively. 

[00251 The intake valve 9 and the exhaust valve 10 are -can be opened or closed 
by an intake camshaft 11 and an exhaust camshaft 12, respectively. The intake camshaft 11 
and the exhaust camshaft 12 preferably connect to a variable valve timing mechanism 13. 
The variable valve timing mechanism 13 receives a valve-timing control signal a from an 
engine control unit (hereinafter, referred to as an ECU) 16 to control the open-close timing of 
the intake valve 9 and the exhaust valve 10 by the intake camshaft 11 and the exhaust 
camshaft 12, respectively. 

[00261 An ignition plug 14 is -can be placed in the cylinder head 4. The ignition 
plug 14 is- can be disposed substantially at the center of the recess 4a. The electrode of the 
ignition plug 14 is -can be exposed to the inner surface of the recess 4a. The ignition plug 14 
preferably connects to an igniter 15. The igniter 15 receives an ignition-timing control signal 
b from the ECU 16 to control the spark generation timing of the ignition plug 14. 

[0027] In this— one presently preferred embodiment, the ignition plug 14 
advantageously is used also as comprises a negative ion current probe. The ignition plug 14 
connects to a positive electrode 17a of a buttery -battery 17. A negative electrode 17b of the 
buttery b attery 17 preferably connects to the cylinder head 4 via a wattmeter 18 for 
grounding. Thus^ the ignition plug 14 is always generally is p ositively charged. Obviously ln 
some embodiments , the negative ion current probe may be provided separately. 

[00281 The engine 1 includes preferably comprises a crank-angle sensor 19 and a 
knock sensor 20 for detecting knocking. Detection signals from the crank-angle sensor 19 



6 



and the knock sensor 20 ace -can be input to the ECU 16. As will be described later, when the 
occurrence of knocking is detected by the knock sensor 20, the ignition timing control by the 
ECU 16 is- can be adjusted to reduce or eliminate the knockin g re s trict e d . 

[00291 The negative ion current generated in the combustion chamber 5 varies as 
the-combustion progresses. Specifically, when the ignition plug 14 ignites the air fuel 
mixture in the combustion chamber 5, a first chemical action is activated . The first chemical 
reaction causes^ se-that electrons in atoms or molecules to_collide with one anothe r, which - te 
generates energy. The atoms or molecules thus eeme -become into an excited , which causes 
sufficient state accompani e d by heat generation suffici e nt to shift to an energy state higher 
than a normal stable state. With th e shifting to I n the excited state, chemical light emissions 
around in ultraviolet ra y spectrums occurs , which results in an - te-increase in_positive ions. 
As a result, the negative ion current in the combustion chamber 5 increases. The negative ion 
current is collected by the ignition plug 14 (i.e., that is us e d also as an the negative ion- 
current probe} and the d e tection value ef- detected by the wattmeter 1 8 is input into the ECU 
16. 

[00301 Fig. 3 shows characteristic curves of negative ion current E and 
combustion pressure P plotted against crank angles. As shown in Fig. 3, the characteristic of 
the negative ion current E exhibits almost the same tendency as that of the combustion 
pressure P. In other words, the negative ion current E peaks as substantially the same crank 
angle as the combustion pressure P peaks. The negative ion current E can therefore be used 
as information indicative of changes in combustion pressure P, flame area, or heat generation. 

[00311 However, the crank angle at which the combustion pressure P becomes the 
maximum depends on the operating state of the engine 1. Accordingly, the peak position of 
the negative ion current E depends on the operating state of the engine 1 (refer to Fig. 4, 
which is merely a conceptual diagram for explanation, and is not based on actual 
measurement data). Therefore, the control based only on the peak position of the 
characteristic curve of the negative ion current E cannot flexibly cope with changes in engine 
load, so that it cannot be applied to a wide variety of operating state. 

[00321 However, the inventor has realized the following points. Specifically 
speaking, as has been described, even when the ignition timing is at MBT, the characteristic 
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curve of the negative ion current E varies as the operating state of the engine 1 varies (refer to 
curves El and E2 of Fig. 4), so that the crank angle corresponding to the peak position of the 
characteristic curve changes. However, crank angles that change little even if the operating 
state changes can be calculated from a plurality of crank angles corresponding to a plurality 
of points on the characteristic curve, such as crank angles corresponding to a_fuel center of 
gravity. In other words, some intersections between a set crank angle and the characteristic 
curve are generally consistent with respect to the detected negative ion current. Point PO in 
Fig. 4 indicates t han intersectione pem^corresponding to such a crank angle. Controlling 
based on this crank angle enables flexible response to fluctuations in load, allowing control 
applicable to wide operating regions withou t necessarily measuring torque and combustion 
pressure. 

[00331 A specific example of the control will be described hereinbelow. An 
©operation control that can be used to adjus t for adjusting ignition timing to MBT will first be 



[00341 Fig. 5(b) shows chang e s a variation of the negative ion current E plotted 
against crank angles; Fig. 5(a) shows variations changes of in heat rate D and combustion 
mass ratio F also plotted against crank angles . Referring to Fig. 5(b), symbol A indicates a 
crank angle for an ignition point; symbol B indicates a crank angle for any rising point of the 
ion current on the ion-current curve (hereinafter, referred to as a first crank angle); and 
symbol C indicates a crank angle for any peak point of the ion current (hereinafter, referred to 
as a second crank angle). 

[00351 As can be inferred from the graphical presentation shown in Fig. 5(a) and 
Fig.(b) , the increase of at the rising point crank angle, the ion current increase changes f er-the 



to as a first specified value) to an ion current increase value that is more than t hat first e 
specified value, hi other words, the slope of the line E in Fig. 5(b) increases from the first 
value to a value more than the first value. _On the other hand, a At the peak of the ion current, 
the ion current increase falls from the first specified value or mere-a value higher than the 
first specified value to a second specified value (hereinafter, referred to as a second specified 
value, which may be different from or equal to the first specified value) or les sa value lower 



described. 




-from less that a specified value (hereinafter, referred 
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than the second specified value . In other words, at the peak of the ion current, the slope of 
the line E decreases from a value equal to or greater than the first specified value to a value 
equal to or less than a second specified value. - Accordingly, the point at which the increase 
rate becomes the first specified value o r a value higher than the first specified value- mere can 
be referred to as a rising point, and the point at which the increase rate b ecomes the first 
specified value and then feUs -becomest o the second specified value or less -a value less than 
the second specified value can be referred to as a peak point. The method for determining the 
rising point and the peak point is not limited at all. For determining the rising point and the 
peak point, there is no need to calculate the actual increase; for example, the rising point and 
the peak point can be determined by comparing the values of the ion current and a 
predetermined threshold. 

[00361 In th e illustratedi s embodiment, the first crank angle B is set to a crank 
angle corresponding to the rising point of the ion current curve, and the second crank angle C 
is set to a crank angle generally corresponding to the peak point of the ion current curve. The 
first crank angle B and the second crank angle C, however, may not exactly agree with the 
rising point and the peak point, respectively, but may be slightly off the rising point and the 
peak point because of measurement error or disturbance. In short, the first crank angle B and 
the second crank angle C may hav e only to b e substantially regarded as the rising point and 
the peak point, respectively. 

[0037] As shown in Figs. 5(a) and 5(b), the negative ion current generating point 
(the position corresponding to the first crank angle B) generally correlates with t o be regarded 
as-the beginning of combustion . This point preferably is th e point follows an t ha^ignition 
delay time , which follows has pass e d after the discharge of the ignition plug 14, and this 
point preferably is the point at which heat generation begins by the start of the initial 
combustion. The peak point thereafter (the position corresponding to the second crank angle 
C) preferably is substantially the point of maximum at which the h eat generation during 
combustion b e com e s the maximum . Accordingly, substantially the midpoint thereof is 
generally estimated to correspond to the fuel center of gravity. 

[00381 The substantially middle point between the first crank angle B and the 
second crank angle C can therefore be regarded as a crank angle (hereinafter, referred to as a 
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third crank angle) G , which generally corresponds corresponding to the fuel center of gravity. 
Thus, the fuel center of gravity can be calculated from the first crank angle B and the second 
crank angle C. As will be described later, when the ignition timing is at MBT, the fuel center 
of gravity does not vary greatly even if the load varies. Accordingly, in this embodiment, the 
ECU 16 presets the crank angle corresponding to the fuel center of gravity at MBT as a target 
crank angle, and controls the ignition timing of the igniter 15 so that the third crank angle 
determined by measuring the negative ion current agrees with the target crank angle. 

[00391 When the ignition timing is at MBT, the fuel center of gravity does not 
vary greatly by load fluctuations. Accordingly, the target crank angle may be set without 
much not to be varied variation caused by engine load. In some embodiments, t according to 
the load conditions of the engine 1. Th e target crank angle may be a fixed value. On the 
other hand, the target crank angle may depend on the operating characteristics of the 
individual diff e renc e or s e cular changes of the engine 1, or may be appropriately varied on 
the basis of an operational expressio n (e.g., function or mathematical equation) or a table 
containing parameters. 

100401 Fig. 6 shows the relationship between engine speed and ignition timing, 
fuel center of gravity, and so on. As discussed above, tT he fuel center of gravity preferably is 
calculated from the first crank angle B and the second crank angle C. Referring to Fig. 6, the 
first crank angle B, the second crank angle C, and the third crank angle G indicate "ignition 
angle", "the end of combustion", and "the fuel center of gravity", respectively. The interval 
between A and B indicates an ignition delay period, and the interval between B and C 
indicates a_combustion period. In this embodiment, the target crank angle corresponding to 
the fuel center of gravity preferably is set at about 1-5° before top dead center. The ignition 
timing is feed-back controlled so that the third crank angle G becomes the target crank angle 
(1-5° before the top dead center). Depending upon the application, there may be some 
variation in the target crank angle. 

[00411 Fig. 7 shows the relationship between ignition timing and torques and fuel 
center of gravity, and so on. As shown in Fig. 7, the torque depends on ignition timing, and 
becomes the maximum when the ignition timing is at MBT. On the other hand, as the 
ignition timing advances to the top dead center, the fuel center of gravity shifts from the 
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position of after top dead center to the position of before top dead center. The torque 
therefore increases as the fuel center of gravity moves from the position of after top dead 
center to the position of before top dead center, and becomes the maximum when the fuel 
center of gravity is about at 2-3° before the top dead center, and in turn decreases as the fuel 
center of gravity moves toward the before top dead center. 

[00421 The graph shows that when the ignition timing is controlled so that the 
third crank angle G (a crank angle corresponding to the fuel center of gravity) becomes about 
2-3° before top dead center, the ignition timing becomes about 35-36° before top dead center, 
so that the ignition timing generally agrees with MBT. 

[00431 As has been described, by the control according to the embodiment, the 
target value of the third crank angle G does not vary significantly by th e fluctuation o f due to 
variations in - the operating state. Accordingly, in the case of complicatedly varying of the lift 
amount and the open-close timing of the intake valve 9, or in the case of simply varying the 
engine load conditions such as engine rotation speed and throttle opening, the ignition timing 
can easily be agr ee d b e brought into general alignment w ith MBT by the above-described 
control using the measurement of the negative ion current in the combustion chamber 5. 

[00441 An experiment by the inventor shows that, for example, for MBT at a 
specific operating state x of a specific internal combustion engine, the first crank angle B at 
which a negative ion current at the beginning of combustion starts to generate was occurs at 
about 11° before top dead center, and the second crank angle C at which the negative ion 
current peaks b ecomes to the peak thereafter was- occurs at about 9° after top dead center. 
The difference between the second crank angle C and the first crank angle B was about 20°, 
and the third crank angle G in the center thereof was about 10° d e layed behind after t he first 
crank angle B, or about 1° before top dead center. 

[00451 Then, for the internal combustion engine, the third crank angle G was 
measured under different load conditions. Specifically, the load conditions were changed by 
changing the throttle opening or rotation speed. The measurement of the third crank angle 
(the angle in the middle between the first crank angle B and the second crank angle C) G 
shows that, although the rising point and the peak point of the negative ion current curve 
varies, the third crank angle G is always about 1° before top dead center under any load 
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condition. Briefly, with the internal combustion engine, the third crank angle G at which the 
ignition timing is at MBT was substantially the same at all load conditions. For example, the 
comparison between Figs. 7 and 8 indicating torque characteristic etc. under different load 
conditions shows that the third crank angles G at which the ignition timing generally agrees 
with MBT are both about 1° before top dead center. 

[00461 Under the same conditions of bore/stroke ratio and connecting rod ratio 
(X), the combustion speed changes as the rotation speed and load of the engine 1 change, so 
that the first crank angle B and the second crank angle C determined from the negative ion 
current changes. However, the third crank angle G corresponding to the fuel center of gravity 
is held substantially constant at MBT. 

[00471 Conventionally, heat generation has been estimated from pseudo 
combustion mass ratio converted from combustion pressure. According to the estimation, 
about 30% of the entire heat generation distribution at MBT has been estimated to be located 
before top dead center, while the remaining 70% has been estimated to be located after top 
dead center, and the fuel center of gravity has been estimated to be located after top dead 
center. 

[0048] However, by the method for calculating fuel center of gravity according to 
the embodiment, the fuel center of gravity is in the vicinity of top dead center, or more 
specifically, 1-5° before top dead center. The difference may be by the following reasons: 
most of negative ions during combustion generate at the excitation of cool flame and blue 
flame. However, the heat generation determined from combustion pressure is the result of 
light emission of amplitude transition such as flaming reaction after cool flame and blue 
flame, or solid-state radiation around infrared rays. Accordingly, the conventional method 
takes little thought of the excitation, so that the fuel center of gravity determined from 
combustion pressure may be delayed behind the fuel center of gravity based on the negative 
ion current as in the embodiment. 

[00491 The control method according to the -one embodiment of the present 
invention is a method of controlling the engine 1 by measuring a negative ion current, which 
is unpaired electrons,, during true combustion^ and controlling the engine 1 on the basis of the 
negative ion current, not by estimating an instantaneous value of the thermal conductivity of 
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combustion gas from combustion pressure as in the past. Thus, the embodiment can reduce 
errors in calculating the fuel center of gravity, thus increasing control accuracy. Also, the 
embodiment can facilitate control of the engine 1 without a dedicated sensor in the 
combustion chamber 5. 

[00501 While the control according to the embodiment is such that ignition timing 
is adjusted to MBT so as to obtain a maximum torque, the invention is not limited to 
that other configurations are possible, t 

For example, in an operating state in which knocking may occur, knocking can be 
reduced or prevented by disabling the control or by setting the target value of the third crank 
angle G later than the target value of the embodiment (a target value for MBT). It is also 
possible to reduce or prevent knocking in a manner b y detecting knocking with the knock 
sensor 20, and disabling the control according to the detection result or by setting the target 
value of the third crank angle G to the-a_delayed position. 

[00511 The fuel center of gravity by the negative ion current varies significantly at 
flame off due to exhaust gas recirculation (EGR) in which exhaust gas is recirculated in 
intake gas, a lean-burn air-fuel ratio state, or a stratified-charge combustion state. Thus, it is 
also possible to control the EGR rate and air-fuel ratio on the basis of the fluctuations of the 
fuel center of gravity per unit time to prevent flame off. In short, the control according to the 
invention may b e achiev e d to also be used to reduce or -prevent the flame off of the engine 1. 

[00521 For EGR (since the structure for EGR is well known, a description thereof 
will be omitted), it is possible to calculate a third crank angle corresponding to the fuel center 
of gravity by the above-described method, and calculate the fluctuation of the third crank 
angle, and to control the EGR rate such that the EGR rate is decreased with increases in the 
sensed fluctuations so as to decrease with increasing fluctuation . This enables control of the 
EGR rate without a specific sensor and can reduce or prevent flame off of the engine 1. 

[0053] It is also possible to calculate a third crank angle corresponding to the fuel 
center of gravity by the above-described method, and calculate the fluctuation of the third 
crank angle, and to control the open-close timing of the intake valve 9 and the exhaust valve 
10 of the engine 1 so that the overlap period of the intake valve 9 and the exhaust valve 10 
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decreases with increasing fluctuation. This enables control of valve timing without a specific 
sensor and can prevent flame off of the engine 1. 

[00541 Thusr-aAccording to fee -one embodiment, ignition timing can be agreed 
wife -correlated to MBT under a variety of operating states 1 including decreased combustion 
speed, thereby improving fuel efficiency, decreasing exhaust gas, and increasing drivability. 
Also i with a variable valve timing mechanism that complicatedly and variably controls the 
lift amount and open-close timing of an intake valve or when engine load conditions,, such as 
rotation speed and throttle opening, are simply varied, fro example, the ignition timing can 
easily be agreed- adjusted to w ife-MBT, allowing an optimum or preferable combustion state 
to be achieved. Also., controlling ignition timing so that fuel center of gravity is delayed 
behind MBT can reduce or eliminate prevent knocking and reduce the generation of NOx 
components e f -in the exhaust gas components . 

[00551 The calculation of the fuel center of gravity and operation control 
according to the embodiment are based on the characteristic of negative ion current for a 
crank angle sensed by the crank-angle sensor 19. However, the "crank angle" of the 
invention is nothing but a parameter indicative of the process of combustion; parameters that 
may be technical equivale nts or proxies ee to the crank angle can also be regarded as the 
"crank angle". This is because such parameters have generally one-to-one correspondence 
with the crank angle. Accordingly, for example, it is also possible to specify the rising point 
of negative ion current on the basis of the actual crank angle, while to specif y specifving the 
peak point on the basis of another parameter (e.g., elapsed time) other than the actual crank 
angle. 

[00561 Although the operation control system for the engine 1 according to the 
illustrated embodiment is mounted to the motorcycle 100, the engine control system 
according to the inv e ntion is not necessarily mounted to vehicles. For example, the operation 
control system may be mounted to engine testing units, performance evaluation units, or 
applicable tools/ TCertain features, aspects and advantages of t he present invention is -have 
advantageseus t ein vehicular application, for example, in vehicles such as motorcycles and in 
the control of the engines of such the-vehicles. Moreover, although the present invention has 
been described in terms of a certain embodiment, other embodiments apparent to those of 
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ordinary skill in the art also are within the scope of this invention. Thus, various changes and 
modifications may be made without departing from the spirit and scope of the invention. For 
instance, various components may be repositioned as desired. Moreover, not all of the 
features, aspects and advantages are necessarily required to practice the present invention. 
Accordingly, the scope of the present invention is intended to be defined only by the claims 
that follow. 
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CLAIMS WHAT IS CLAIMED IS: 

1 . An engine control system comprising: 

an ion current measuring unit tha^ adapted to measures fee-a_negative ion 
current in a combustion chamber of an engine; 



crank angle; and 

a controller tha ^adapted to controls the engine on the basis of a first crank 
angle at which the-an increase rate of the negative ion current against relative to the 
crank angle becomes more than a first specified value and a second crank angle at 
which the increase rate becomes a second specified value after becoming the first 
specified value. 

2. The engine control system according to Claim 1 , wherein 

the first crank angle is a crank angle corresponding to the-a_rising point of the 
negative ion current on a negative ion current curve indicative of variations in 
negative ion current against relative to crank angles; and 

the second crank angle is a crank angle corresponding to the-a_peak point of 
the negative ion current on the negative ion current curve. 

3. The engine control system according to Claim 2, wherein the controller is 
adapted to calculates from the first crank angle and the second crank angle a third crank angle 
corresponding to the-a_fuel center of gravit y from the first crank angle and the second crank 
angle, and the controller is adapted to control controls the engme -an engine ignition timing so 
that the third crank angle reaches -approximates a specified target crank angle. 

4. The engine control system according to Claim 3, wherein the specified target 
crank angle is set so as not to be n ot changed according to engine load conditions. 

5 . The engine control system according to Claim 3, wherein the crank angle is set 
to-a-specified crank angle correspondsing-to MBT. 

6. The engine control system according to Claim 3, wherein the specified target 
crank angle is set to a specified predetermined crank angle delayed behind MBT. 

7. The engine control system according to Claim 2, wherein the controller is 
adapted to calculates the-a_variation rate of the third crank angle corresponding to the fuel 



a crank-angle measuring unit 




)ted to measure an engine 
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center of gravity from the first crank angle and the second crank angle, and the controller is 
adapted to controls fee-an exhaust gas recirculation (EGR) rate of the engine so that the 
engine-EGR rate decreases when the with incr e asing variation rate increases . 

8. The engine control system according to Claim 2, wherein the controller is 
adapted to calculates the-a_variation rate of the third crank angle corresponding to the fuel 
center of gravity from the first crank angle and the second crank angle, and the controller is 
adapted to controls fee-an open-close timing of an intake valve and an exhaust valve of the 
engine so that the overlap period of the intake valve and the exhaust valve decreases with as 
the variation rate increases increasing variation rate . 

9. The engine control system according to Claim 1 in combination with aA 
vehicle comprising an engine and the e ngine control syst e m according to one of Claims 1 to 
S. 

10. A method for calculating the-a_fuel center of gravity of an engine, the method 
comprising the steps of : 

measuring the-anegative ion current in a combustion chamber of the engine; 

determining a first crank angle at which fee-an increase rate of the negative ion 
current against r elative to an fe e-engine crank angle becom e s mor e than exceeds a 
first specified value; 

determining a second crank angle at which the increase rate becomes a second 
specified angle after b e coming exceeding the first specified yalueangle; and 

calculating the fuel center of gravity from the first crank angle and the second 
crank angle. 

11. A method for controlling the operation of an engine, the method comprising 

measuring the-anegative ion current in a combustion chamber of the engine; 

determining a first crank angle at which the-an increase rate of the negative ion 
current against relative to an engine crank angle b e com e s mor e than exceeds a first 
specified value; 

determining a second crank angle at which the increase rate becomes a second 
specified angle after becoming exceeding t he first specified anglevalue; and 
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controlling the engine on the basis of the first crank angle and the second 
crank angle. 

12. The method for controlling the operation of an engine according to Claim 11, 



the step of controlling the engine comprises the steps of : 

calculating a third crank angle corresponding to the fuel center of gravity from 
the first crank angle and the second crank angle; and 

controlling engine ignition timing so that the third crank angle becomes 
approximates a specified target crank angle. 



wherein 
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ABSTRACT ENGINE CONTROL SYSTEM, VEHICLE HAVING THE SAME, 
METHOD FOR CALCULATING FUEL CENTER OF GRAVITY, AND METHOD 
FOR CONTROLLING ENGINE 

ABSTRACT OF THE DISCLOSURE 
An engine control system It is an object of th e pr e s e nt invention to enables engine 
control to make- cause ignition timing agree with to approximate MBT without necessarily 
measuring torque and combustion pressure. The negative ion current in an engine 
combustion chamber is measuredf and a first crank angle B corresponding to a first rate in 
change of the negative ion current curve E is identified, t h e rising point on the charact e ristic 
curve of a negative ion current E and a A second crank angle C corresponding to a second 
rate in change of the negative ion current curve E also is identified, the peak point on the 
characteristic curve are determined; and t The ignition timing is controlled based upon s e-feat 
a third crank angle G that generally is i n-fee-a midpoint between the first crank angle B and 
the second crank angle C . The third crank angle G - becomes a specified target crank angle. 
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